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Abstract:  Objective: To evaluate the ultimate tensile strength (UTS) 
of total and self- etch adhesives irradiated at different distances. Materials 
and Methods: Sixty cylindrical specimens of 0.78mm diameter and 10 mm 
length were prepared of two types of adhesive systems total etch Excite 
DSC (EX – Ivoclar Vivadent, Schaan, Liechtenstein) and one-step self-etch 
Clearfil S3 Bond (S3, Kuraray Medical Inc., Tokyo, Japan). Specimens 
of each adhesive were divided into three groups according to the light 
irradiation distance (0, 2, 4mm) (n=10). Each specimen was attached to 
universal testing machine (Digital Force Gauge, IMADA CO., LTD, 
Japan) and loaded at cross head speed of 1mm/min until failure. Data were 
analyzed using two-way ANOVA and Independent Student t-test at p< 0.05.  
Results: Mean UTS for total etch (24.63, 18.19, 17.26 Mpa) and for self-
etch (12.68, 8.53, 7.58Mpa) at (0, 2, 4mm) distances. Specimens irradiated 
directly show significantly the highest UTS while those irradiated at 4mm 
show the lowest values (p<0.05). Excite DSC total etch adhesive have 
higher UTS than Clearfil S3 self-etch adhesive regardless of irradiation 
distance (p<0.05).Conclusions: The UTS of the evaluated adhesives was 
light irradiation distance and adhesive system dependant.

Keywords: Light-Curing of dental adhesives; dental bonding; adhesives; 
mechanical phenomena; tensile strength.

Maan M. Nayif.1 

Ultimate tensile strength of total and self-etch 
adhesives: Effect of light irradiation distance.

Affiliations: 1Department of Conser-
vative Dentistry, College of Dentistry, 
Mosul University, Mosul, Iraq.

Cite as:  

Nayif MM. Ultimate tensile strength of 
total and self-etch adhesives: Effect of light 
irradiation distance.
J Oral Res Special Issue. 2019;S1:44-47.  
doi:10.17126/joralres.2019.091

Corresponding author: Maan M. 
Department of Conser-vative Dentistry, 
College of Dentistry, Mosul University, 
Mosul, Iraq. E-mail: mmnayif@yahoo.com

INTRODUCTION.
Light intensity diminishes as the light source moves away from surface 

due to light scattering. However in clinical situations in which there is a 
cavity design like in deep class II box or in endodontically treated teeth 
polymerization of the dental adhesives applied over cavity wall and f loor 
in close light tip position is impaired. Even in laboratory studies most 
researchers evaluate the adhesives properties through direct application of 
light guide.1 

Advancements of dental adhesives have replaced classical multi-steps 
with simplified single-step systems available in etch and rinse self-priming 
or self-etching priming systems. Both are more hydrophilic versions of their 
multiple-step precursors with different types and concentrations of the 
solvents constituents. Caution should be paid to the sufficient polymerization 
of hydrophilic adhesive containing 2-hydroxyethyl-methacrylate (HEMA) 
in order to achieve an adequate level of physico-mechanical properties 
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prior to application of the restoration. Production of 
less hydrophilic monomer glycerol-dimethacrylate 
(GDMA) to replace HEMA has been attempted, in 
order to provide better polymerization and mechanical 
properties.2 Adhesive mechanical properties and the 
quality of bond strength are interplaying factors. High 
adhesive cohesive strength is crucial at the moment of 
resin composite curing, because it needs to be strong 
enough to contra-balance the stress generated due to 
polymerization shrinkage.3 

The information on the effect of photo-irradiation 
distance on the mechanical properties of simplified 
adhesives is limited. 

The null hypotheses tested were that there is no 
effect of different irradiation distances on ultimate 
tensile strength (UTS) of simplified adhesives and no 
differences between the two types of adhesive systems 
(total and self-etch). Therefore the objective of this 
study was to evaluate the UTS of total etch and self- 
etch adhesives irradiated at different distances. 

MATERIALS AND METHODS.
Specimen preparation for UTS
Sixty micro-capillary glass tubes of 0.78mm internal 

diameter were filled with two types of simplified adhesive 
systems equally up to 10mm. Total etch Excite DSC (EX 
– Ivoclar Vivadent, Schaan, Liechtenstein) and one step 
self-etch Clearfil S3 Bond (Kuraray Medical Inc., Tokyo, 
Japan). Each adhesive was divided into three groups (n=10). 

G1 filled tubes received direct irradiation; G2 were 
irradiated at 2mm distance through a single mould of 
rectangular hole (1mm width x 2mm thick x 10mm 
length). G3 was irradiated as G2 but using double moulds 
to obtain a 4mm distance. 

Light curing unit of 10mm tip (XL 3000, 3M ESPE; 
St Paul, MN, USA) was used to polymerize specimen for 
20 ś at intensity >500mW/cm2. Specimens were carefully 
pushed out from the tube and stored for 24 hours in water 
at 37°C 

UTS Measurement
Specimens were attached to an universal testing machine 

(Digital Force Gauge, IMADA CO., LTD, Japan) and 
loaded at cross head speed of 1mm/min until failure. The 
maximum load divided by cross-sectional area of specimen 
was used to give UTS in MPa.

Statistical analysis
Data were analyzed using two-way ANOVA and Tukey’s 

HSD multiple comparison test. Independent Student t-test 
was used to evaluate the differences between two types of 
adhesives at each irradiation distance p<0.05. 

Statistics analysis were performed using Statistical 
Package for Social Science (SPSS for windows, version 18n 
SPSS Inc., Chicago, IL, United States).

RESULTS.
Mean UTS of both adhesives polymerized at different 

irradiation distances are show in the Figure 1. 
A significant difference in values of UTS between 

different irradiation distances (F=225.71, p<0.05) and 
adhesive types (F=128.57, p< 0.05) with no significant 
interaction (p>0.05). 

UTS of the total and self-etch adhesives significantly 
decreased with the increase of irradiation distance. 
Specimens irradiated directly (zero distances) have 
highest UTS while those irradiated at 4mm have the 
lowest values. Excite DSC has higher UTS than Clearfil 
S3 regardless of irradiation distance (p<0.05).

Adhesive type	 Manufacturer	 Composition

Excite DSC (Total etch) 	 Ivoclar/vivadent, Schaan ,Lichtenstein	 HEMA, phosphoric acid, acrylate, bis GMA, 

		  dimethacrylate,  silica, catalysts, stabilizers,

		  ethanol.

Clearfil S3 (One step self-etch)	 Kuraray Medical Inc., Tokyo, Japan	 MDP, HEMA, bisGMA, dl-camphorquinone, 

		  water, ethanol, silanated colloidal silica.

Table 1. Composition and manufacturer of adhesives used in this study.
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DISCUSSION.
It is essential to avoid inferior physical properties of 

adhesives in the interface, to withstand the polymerization 
shrinkage of overlaying resin composite restoration. One 
way to enhance adhesive strength is through increased 
proximity of the light tip for better monomer conversion, 
mechanical properties and bond strength.4 

Excite DSC and Clearfil S3 irradiated at different 
distances from the light source exhibited dissimilar UTS 
values, the greater the light tip distance the lower the UTS 
value. 

Therefore the first hypothesis was rejected. This result 
is probably related to poor polymer network formation 
of adhesive resins as light distance increases from the 
material.5 This result confirms the need of light exposure 
in close contact with the resin to possibly overcome 
significant decreases in monomer conversion percentages 
with an increase in light tip distance.6

The results from the comparison between two systems 
demonstrated a remarkable variation in their UTS means 
where the Excite DSC value was twice that of Clearfil S3 at 
every evaluated distance. Therefore, the second hypothesis 
that there is no difference between total etch and self-
etch adhesives is also not accepted. These findings could 
be explained by the inherited differences in compositional 

percentage of water and organic solvent disclosed by the 
manufacturer and known as a result of simplification of 
all-in-one self-etch systems.  

A study evaluated the conversion rate of total and 
self-etch adhesives under FTIR condition at three light 
irradiation distances (1mm, 3mm, and 6mm) and proved 
that total etch systems have a higher degree of monomer to 
polymer conversion in comparison with one-step self-etch 
adhesives.7 

Another study conducted in situ utilizing Raman 
spectroscopy to evaluate polymerization behaviour within 
the adhesive layer with tooth structure found that Clearfil 
S3 with a water component exhibited a significant reduction 
ratio of degree of cure of the adhesive layer compared with 
Excite DSC without water.8 

Moreover in a recent study Clearfil S3 demonstrated 
the lowest conversion percentage in comparison with three 
tested one-step self-etch adhesives.9 The most extensively 
used solvent in Clearfil S3 bond is water. (Table 1) 

Water is added to the mixture to generate the hydrogen 
ions essential for monomer ionization to demineralize tooth 
structure. Water is not miscible with some constituents 
of adhesive and its remnants affect mechanical quality. 
Clearfil S3 bond was prepared without attempt at water 
evaporation, therefore inferior UTS was expected than 

Figure 1.    Ultimate tensile strength of adhesives at different irradiation distances.
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those total etch adhesives without a water content structure 
(ie DSC Excite).3 

Water remnants within the resin might cause incomplete 
polymerization of Clearfil S3 adhesive beside the deleterious 
effect of water that may induce swelling and thus cause 
the reduction of the polymers mechanical properties by 
altering the mobility of their chain segments. 

Furthermore Pucci et al.,10 stated that Clearfil S3 
bond exhibited a high water sensitivity during bonding 

procedures that significantly affected their bond strength 
results and the resin-dentine interface quality. 

CONCLUSION.
The UTS of both systems was reduced when light 

irradiation distance increased. 
UTS of the two adhesives was material dependant, 

with total etch system presenting twice the value of self-
etch systems.
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